Aim To investigate the ability of E. faecalis to cause apoptosis and pyroptosis of human osteoblastic MG63 cells and whether the inflammasome is involved in this process. Methodology MG63 cells were infected with E. faecalis at a multiplicity of infection (MOI) of 10, 100, 500 and 1000 for 6 and 12 h. The cell proliferation was determined with the Cell Counting Kit-8. Apoptosis and pyroptosis after E. faecalis infection was evaluated by flow cytometry and a lactate dehydrogenase (LDH) cytotoxicity assay kit. Then, MG63 cells transfected with specific small interfering RNAs (siRNAs) targeting the NLR family pyrin domain-containing 3 (NLRP3) gene were infected with E. faecalis and subjected to the LDH release and apoptotic cell assays. One-way ANOVA test and Student-Newman-Keuls test were used to evaluate the differences amongst groups in each experiment. An independent sample t-test was performed to analyse the differences between the 12-and 6-h timepoints. P < 0.05 was regarded as significant. Results E. faecalis induced apoptosis and inflammatory cell death (pyroptosis) of MG63 cells in a MOI dose-dependent manner. The NLRP3 inflammasome and caspase-1 were activated in E. faecalis-infected MG63 cells. However, the percentages of induced apoptotic and pyroptic cell death decreased significantly when the NLRP3 inflammasome was downregulated using siRNAs (P < 0.05). Conclusions E. faecalis promoted apoptosis and pyroptosis of MG63 cells via the NLRP3 inflammasome. This indicates that E. faecalis infection may result in the delayed reconstruction of periapical lesions, and NLRP3 is the potential target of new intracanal therapeutic agents.
Introduction
Enterococcus faecalis is the most commonly detected pathogen in root canals with persistent periapical periodontitis and is a risk factor for post-treatment disease following root canal retreatment. Detection of E. faecalis prior to root filling decreases the retreatment success rate (Molander et al. 1998 , Sundqvist et al. 1998 . The survival of this species during root canal treatment is largely due to its ability to invade dentinal tubules and resist root canal irrigants and medicaments (Evans et al. 2002 , Athanassiadis et al. 2007 , van der Waal et al. 2011 . One study reported that eradication of E. faecalis during treatment was impossible and that the surviving cells could remain alive in the oligotrophic environments of root filled teeth for long periods (Sedgley et al. 2005) . However, a recent study reported that not only intra-radicular infections but also extra-radicular infections were responsible for failed endodontic treatment, and E. faecalis was not found to be the most prevalent species (Pereira et al. 2017) . A previous study also showed no E. faecalis was present in apical biofilms with posttreatment apical periodontitis (Wang et al. 2012) . Thus, the role E. faecalis plays in post-treatment endodontic disease is not clear.
Chronic apical periodontitis is characterized by periapical radiolucency (i.e. bone destruction), which is usually caused by bacterial infections. After root canal treatment, the healing of apical lesions is followed by osteoblast-mediated bone formation under normal physiological conditions. The quantity and activity of osteoblasts has an impact on the healing of apical lesions and normal bone growth processes (Wiren et al. 2006 , Martin et al. 2009 ). During bone formation, some osteoblasts undergo apoptosis (i.e. programmed cell death) (Jilka et al. 1998) . The osteoblast population depends not only on cell proliferation and differentiation but also on cell death, including autophagy, oncosis,apoptosis and pyroptosis (Hock et al. 2001) . Apoptosis is the most widely recognized programme of cell death and is characterized by cytoplasmic and nuclear condensation, DNA cleavage but maintenance of an intact plasma membrane (Bergsbaken et al. 2009 ). The signalling pathway of apoptosis contains two major steps: the extrinsic death receptor-mediated pathway and the intrinsic pathway that involves widespread mitochondrial outer membrane permeabilization (MOMP) (Sarhan et al. 2018) . In response to apoptotic stimuli, MOMP is regulated by pro-apoptotic protein (Bax) and anti-apoptotic member (Bcl2) (Galluzzi et al. 2018) . Pyroptosis is a recently identified pathway of host cell death that is stimulated by a range of microbial infections (Bergsbaken et al. 2009 ). Pyroptosis, unlike apoptosis, involves cell swelling and pore formation in the plasma membrane, ultimately resulting in rupture of the membrane and the release of cytosolic contents into the extracellular space (Taabazuing et al. 2017) . Pyroptosis is also known as an inflammatory cell death process that is mediated by caspase-1 (Yang et al. 2014) . Activated caspase-1 cleaves pro-interleukin (IL)-1b and pro-IL-18 to IL-1b and IL-18, and also it cleaves a recently identified key protein of the pyroptosis pathway named gasdermin D, which accumulates at the plasma membrane and results in overwhelming membrane extrusions, extensive blebbing and rupture of the plasma membrane (Vande Walle & Lamkanfi 2016 , Sarhan et al. 2018 . Thus, the mechanism, characteristics and outcome of inflammatory cell death are distinct from apoptosis (Bergsbaken et al. 2009 ). However, increased osteoblast apoptosis or pyroptosis may both negatively affect the healing of periapical lesions. E. faecalis can survive and remain viable in filled root canals for long periods; thus, determining whether these remaining cells can delay bone formation warrants further investigation. NLR family pyrin domain-containing 3 (NLRP3) is a critical component of the inflammasome that is mainly activated by microbial stimuli, such as muramyl dipeptide (MDP), lipoteichoic acid (LPS) and bacterial RNA (Kanneganti et al. 2007) . NLRP3 can activate caspase-1 through the apoptosis-associated speck-like protein (ASC) (Park et al. 2014) . Following activation, the pro-IL-1b and pro-IL-18 cytokines are cleaved to their mature form by activated capsase-1 (Park et al. 2014) . A previous study reported that the NLRP3 inflammasome was upregulated in periapical tissues and was involved in the progression of periapical periodontitis (Ran et al. 2017) . Zhao et al. (2014) reported that NLRP3 was responsible for the A. actinomycetemcomitans-induced apoptosis of osteoblasts. Moreover, E. faecalis activated caspase-1 and enhance IL-1b release in THP-1 macrophages (Yang et al. 2014) . The activation of caspase-1 also contributes to the formation of pores in plasma membranes, which results in pyroptosis characterized by cytoplasmic lactate dehydrogenase (LDH) release (Yang et al. 2014) .
Thus, it was hypothesized that E. faecalis-induced apoptosis and pyroptosis of osteoblastic MG63 cells which at least partially depended on NLRP3 activation. The induction of apoptosis and pyroptosis after E. faecalis infection was measured by flow cytometry and an LDH assay. Furthermore, the induction of apoptosis and pyroptosis in E. faecalis-infected MG63 cells was measured after treatment with small interfering RNAs (siRNAs) targeting NLRP3.
Materials and methods

Cell and bacterial culture
Human osteosarcoma MG63 cells were obtained from the cell bank of the Chinese Academy of Science and cultivated in modified Eagle's medium (MEM) supplemented with 10% foetal bovine serum (FBS, Gibco â , Carlsbad CA, USA) and antibiotics (1% penicillin/ streptomycin) at 37°C in a humidified atmosphere with 5% CO 2 . E. faecalis (ATCC 33186) was cultured in an aerobic atmosphere using brain-heart infusion broth (BD Difco, Franklin Lake, NJ, USA). To investigate whether the E. faecalis-induced LDH release requires caspase-1, the cells were pretreated with the caspase-1 inhibitor Ac-YVAD-CHO (Enzo, Geneva, Switzerland) prior to infection with E. faecalis.
Cell proliferation inhibition assay
MG63 cells were inoculated into 96-well cell culture plates at a density of 5000 cells/well. After incubation for 12 h, the culture medium was removed, 100 lL of fresh medium without antibiotics was added to each well and the cells were exposed to E. faecalis at a multiplicity of infection (MOI) of 10, 100, 500 and 1000 for 6 and 12 h. For each group, three wells with bacteria but no cells were included as controls. Cell Counting Kit-8 (CCK-8) (DOJINDO, Shanghai, China) was used to determine the effect of E. faecalis infection on MG63 cell proliferation. At the indicated time-points, the cells were incubated with 10 lL of CCK-8 for an additional 2 h. The optical density (OD) at 450 nm was assayed with a microplate spectrophotometer. Nontreated samples were set as the negative controls. The cell proliferation inhibition rate was defined as (1 À (OD experimental group À OD control group))/(OD negative control group À OD blank group)) 9 100%. All assays and measurements were repeated in triplicate.
Quantification of apoptotic cells by flow cytometry
The apoptotic cells induced by E. faecalis were evaluated using a FITC-coupled annexin V and PI staining kit (DOJINDO, Shanghai, China). Briefly, after treatment with or without E. faecalis for 12 h, the cells were detached with 0.25% trypsin without EDTA and centrifuged at 4°C (150 g, 5 min). Then, 500 lL of binding buffer was added to each sample. A 500-lL aliquot of the cell suspension was added to 5 lL of FITC-coupled annexin V and 5 lL of PI, and the samples were incubated for 15 min in the dark. The apoptotic cells were measured by flow cytometry. Early apoptotic cells stained positively with annexin V, whereas late apoptotic cells stained positively with annexin V and PI.
Western blotting
The protein levels of NLRP3, Caspase-1, Bax and Bcl-2 induced by E. faecalis infection were analysed by immunoblotting. After treatment with E. faecalis at the above concentrations for 12 h, the MG63 cells were lysed with phenylmethanesulfonyl fluoride (PMSF) and RIPA lysis buffer. The lysates were centrifuged at 4°C (10 000 g, 15 min). Then, the supernatant was transferred to a new EP tube and subjected to a protein concentration assay using a BCA Protein Assay Kit (Beyotime, Nanjing, China). Protein (30 lg per sample) was separated by 10% sodium dodecyl sulphatepolyacrylamide gel electrophoresis (SDS-PAGE) and then transferred to a polyvinylidene difluoride membrane. The membranes were immersed in a Tris-buffered saline Tween-20 (TBST) solution with 5% skim milk for 1 h and then incubated with primary antibodies, including anti-NLRP3 (Proteintech, catalog no.19771-1-AP), anti-human caspase-1 (Cell Signaling Technology, Boston, MA, USA, catalog no. 2225), anti-Bax (Abcam, Cambridge, UK, ab7977), anti-Bcl (GeneTex, San Antonio, TX, USA, GTX109683) and anti-GAPDH (Weiao, Shanghai, China) at 4°C overnight. The membranes were washed three times with TBST and incubated with a horseradish peroxidaselabelled secondary antibody for 2 h at room temperature. The membranes were visualized using the enhanced chemiluminescence (ECL) detection system. Images of the protein bands were obtained and quantified with Image Lab software (Bio-Rad, Hercules, CA, USA).
Cell death assay
Cytotoxicity was measured using a lactate dehydrogenase (LDH) cytotoxicity assay kit (Dojindo, Shanghai, China). The percentage of cell death was calculated using the following formula: Cell cytotoxicity (%) = (OD 490 nm test group À OD 490 nm Control group À OD 490 nm Negative control group )/(OD 490 nm Positive control group À OD 490 nm Negative control group ) 9 100%. The OD 490 nm Control group values were obtained from the groups with only the addition of E. faecalis at different concentrations. To determine the maximum LDH release (OD 490 nm Positive control group ), the cells were treated with cell lysis solution for 30 min.
Analysis of caspase-3 activity
To investigate caspase-3 activation after treatment with E. faecalis, a caspase-3 Activity Assay Kit (Beyotime, Nanjing, China) was used. Briefly, 5 9 10 6 cells treated with E. faecalis at the above concentrations were collected and lysed in a lysis buffer. The E. faecalis induces death of MG63 cells via NLRP3 Ran et al. cell lysates were tested for protease activity following the manufacturer's protocol.
Downregulation of the NLRP3 inflammasome by siRNA interference
Three siRNAs targeting different loci of the NLRP3 gene and nontargeting control oligonucleotides were designed and synthesized by Biomics (Shanghai, China). For the siRNA experiments, MG63 cells that reached 70-80% confluence were transfected with the NLRP3-siRNAs using Lipofectamine 3000 (Invitrogen, USA) for 24 h. In the preliminary experiment, the sequences 5 0 -CGAGAAUCUCUAUUUGUAAdTdT-3 0 and 5 0 -UUACAAAUAGAGAUUCUCGdTdT-3 0 were selected to silence NLRP3. Downregulation of NLRP3 expression was confirmed by real-time PCR and Western blot analysis. The cells transfected with the siRNAs were infected with E. faecalis and subjected to the LDH release and apoptotic cell assays.
Statistical analysis
The data were obtained from experiments performed at least in triplicate. All data were analysed with SPSS version 19software (IBM, Amun, NY, USA). One-way ANOVA test and Student-Newman-Keuls test were used to evaluate the differences amongst groups in each experiment. An independent sample t-test was performed to analyse the differences between the 12-and 6-h time-points. P < 0.05 was regarded as significant.
Results
E. faecalis inhibited MG63 cell proliferation
As shown in Fig. 1 , cell proliferation was extensively inhibited in the E. faecalis-infected MG63 cells compared to the noninfected cells. No significant difference was found in the MOI 10 and 100 infection groups compared to the noninfected control group (MOI 0) at 6 h (P > 0.05). The proliferation inhibition rates were significantly increased to 24.08% and 43.5% at 6 h when the MOI were increased to 500 and 1000, respectively (P < 0.05). The proliferation inhibition rates were remarkably increased to 31.2, 66.1 and 90.9% at 12 h when the MOI was increased from 100 to 1000 (P < 0.05); however, no significant difference was found in the MOI 10 group compared to the control group (P > 0.05). Moreover, the proliferation inhibition rates of all infection groups except MOI 10 at 12 h were increased markedly (P < 0.05) compared with the rates found at 6 h ( Fig. 1 ).
E. faecalis induced MG63 cell apoptosis
To determine whether the inhibition of cell proliferation was associated with cell apoptosis, a flow cytometric analysis was conducted using dual staining with annexin-V and PI. Quadrant analysis of the fluorescence intensity of the gated cells in the FL1-H (annexin V-FITC) and FL2-H (PI) channels was assessed from 10 000 events. The percentage of apoptotic E. faecalis-infected cells increased in a MOI dose-dependent manner. As shown in Fig. 2a,b , E. faecalis induced more early apoptosis than late apoptosis in the MG63 cells at 6 h. The percentages of early apoptotic MG63 cells in the high dose infection groups (MOI of 100, 500 and 1000) were significantly higher than the percentages in the noninfected control group (P < 0.05), whereas the percentages of late apoptotic MG63 cells were not significantly increased in the E. faecalis-infected groups at 6 h (P > 0.05). However, the percentages of late apoptotic MG63 cells in the groups infected with the MOI of 100, 500 and 1000 were significantly increased at 12 h (P < 0.05), whilst the early apoptotic cells were significantly increased following infection with the MOI of 500 and 1000 (P < 0.05). Figure 1 Inhibition of MG63 cell proliferation by E. faecalis. MG63 cells were infected with E. faecalis (MOIs of 1000, 500, 100 and 10) for 6 and 12 h. *P < 0.05 versus the noninfected control group (MOI 0); # P < 0.05, 12 h vs. 6 h. Error bars represent the standard deviation of the mean from triplicate experiments.
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E. faecalis upregulated the Bax/Bcl-2 protein expression ratio and elevated the caspase-3 activity Bcl-2 family proteins, which have either anti-apoptotic or pro-apoptotic activities, play important roles in apoptosis. The ratio of the anti-apoptotic protein Bcl-2 to the proapoptotic protein Bax determines the fate of cells. Western blot analyses were conducted to determine the Bcl-2 and Bax protein expression levels. The results are shown in Fig. 2d ,e. Bax protein expression was clearly induced in the MG63 cells, whereas Bcl-2 protein expression was inhibited by infection with E. faecalis; in particular, the Bax/Bcl-2 protein expression ratio markedly increased as the MOI increased to 500 and 1000 (P < 0.05). In addition, as a marker of apoptosis, the caspase-3 activity was also investigated. As shown in Fig. 2c , E. faecalis infection efficiently activated caspase-3 activity (P < 0.05). Exposure of MG63 cells to E. faecalis at MOI 500 and 1000 for 12 h led to approximately 1.8-fold increase in the activity of caspase-3 compared with the noninfected control group. Figure 3a shows that LDH release was extensively induced in the MG63 cells by E. faecalis. The difference between the noninfected control group and the group infected with the MOI of 10 was not significant (P > 0.05). However, the percentages of LDH release in the other infection groups were markedly increased compared to the control group at both 6 and 12 h (P < 0.05). Moreover, the percentages of LDH release following E. faecalis infection for 12 h were markedly increased compared to the release detected at 6 h (P < 0.05).
E. faecalis induced LDH release
Caspase-1 is required for the induction of LDH release by E. faecalis
As shown in Fig. 3b , the caspase-1 protein levels were upregulated in MG63 cells exposed to E. faecalis. Moreover, the percentages of LDH release were significantly decreased at 6 and 12 h when the cells were pretreated with the caspase-1 inhibitor Ac-YVAD-CHO prior to E. faecalis infection (P < 0.05; Fig. 3c ). These results indicated that E. faecalis induced LDH release in MG63 cells via a caspase-1-dependent mechanism. 
NLRP3 is required for E. faecalis-induced apoptosis and LDH release in MG63 cells
Next, we investigated whether NLRP3 was involved in E. faecalis-induced apoptosis and pyroptosis of human osteoblastic MG63 cells. First, it was determined that the NLRP3 protein levels were upregulated following exposure to E. faecalis (Fig. 4a) . Then, MG63 cells were transfected with siRNAs targeting NLRP3 and lipo3000. The NLRP3 mRNA and protein expression levels were downregulated in the siRNAtreated cells compared with the nontransfected cells (Fig. 4b,c) .
Next, the percentages of MG63 cells undergoing apoptosis were reassessed using flow cytometry analysis to explore the influence of NLRP3 downregulation on E. faecalis infection-induced apoptosis. As shown in Fig. 4d ,e, the percentages of early and late apoptotic cells decreased significantly following transfection with the siRNA targeting NLRP3 compared to the nontransfected MG63 cells (P < 0.05), indicating that E. faecalis-induced apoptosis was inhibited when NLRP3 was downregulated. No obvious decreases in apoptosis were observed in the cells treated with the nonspecific siRNA (P > 0.05; Fig. 4d,e) .
The LDH levels were also measured in the culture supernatants from the transfected MG63 cells. As shown in Fig. 4f , no significant difference was found between the nontransfected group and the group transfected with the nonspecific siRNA. However, silencing of NLRP3 significantly inhibited LDH release in the cells transfected with the siRNA targeting NLRP3 (P < 0.05), indicating that NLRP3 was involved in E. faecalis-induced pyroptosis in MG63 cells.
Discussion
Enterococcus faecalis is the predominant pathogen responsible for hospital-acquired infections (Goel et al. 2016) and is the most frequently detected species in persistent infections of root canals (Molander et al. 1998 , Sundqvist et al. 1998 ). E. faecalis can resist irrigants and the medicaments used during treatment, which makes this bacterium difficult to eradicate. The surviving bacteria can remain viable long after root filling (Sedgley et al. 2005) . However, several studies have reported no E. faecalis were present in extra-radicular biofilms,which can cause post-treatment disease (Wang et al. 2012 , Pereira et al. 2017 . Therefore, the pathogenicity of this bacterium on periradicular tissues is very important to clarify its relation to failed root canal treatment. In the present study, infection of human osteoblastic MG63 cells with E. faecalis was established, E. faecalis infection enhanced MG63 cell apoptosis and pyroptosis. The expression of caspase-1 and the NLRP3 inflammasome was also upregulated by E. faecalis infection. Furthermore, LDH release was significantly decreased in MG63 cells pre-treated with a caspase-1 inhibitor. The induction of apoptosis and pyroptosis by E. faecalis infection was decreased markedly when NLRP3 was knocked down by siRNA, which indicated that E. faecalis infection induced apoptosis and pyroptosis in MG63 cells via a mechanism regulated by NLRP3.
Healing of apical lesions and normal bone growth processes depend on the number and activity of osteoblasts (Wiren et al. 2006 , Martin et al. 2009 ). Cell proliferation mainly determines the osteoblast population. Therefore, the effect of E. faecalis on MG63 cell proliferation was measured initially using a CCK-8 kit. E. faecalis exhibited definite inhibition of MG63 cell proliferation in a MOI dose-dependent manner. The results were consistent with a previous study (Tian et al. 2013) , which also found that a high concentration of E. faecalis-LTA decreased osteoblast proliferation. In a previous study, Zhao et al. (2014) reported that MG63 cells were exposed to A. actinomycetemcomitans at the MOI of 500, 1000 and 2500 bacteria per cell. The E. faecalis concentrations used in the present study were based on preliminary experiments using MOIs of 1, 10, 50, 100, 500,1000 and 2000, respectively. The cells could not survive in the MOI 2000 group, and the proliferation inhibition rates were similar in the groups infected with MOI of 1,10 and 50; therefore, the MG63 cells were infected with E. faecalis at MOI of 10,100, 500, and 1000 in the present study.
In addition to cell proliferation, the osteoblast population depends on the amount of cell death that occurs via apoptosis or pyroptosis (Hock et al. 2001) . Previous studies have demonstrated that MG63 cell apoptosis can be increased by E. faecalis extracts (Tian et al. 2013) . In the present study, the flow cytometry analysis revealed that E. faecalis infection resulted in significant apoptosis of MG63 cells. Interestingly, early apoptotic cells were increased more than late apoptotic cells at 6 h, whereas the late apoptotic cells were increased markedly at 12 h. Thus, E. faecalis induced more late apoptotic cells with the extension of the infection time. Moreover, the Western blot analysis revealed that Bcl-2 protein expression was downregulated in E. faecalis-infected MG63 cells, whereas Bax protein expression was upregulated. In addition, E. faecalis infection also activated caspase-3 activity. These results demonstrated that E. faecalis induced apoptosis in MG63 cells.
Pyroptosis is a newly identified form of programmed cell death that depends on caspase-1 activation by a variety of microbial stimuli (Frantz et al. 2003) . Pyroptosis is characterized by rapid plasma membrane rupture and cell lysis mediated by caspase-1 activation (Chen et al. 1996 , Bergsbaken et al. 2009 ). It has been reported that caspase-11, caspase-4 and caspase-5 also trigger pyroptosis upon sensing cytosolic LPS (Galluzzi et al. 2018) , and that the apoptotic caspases, including caspase-3, caspase-6 and caspase-8, are not involved in pyroptosis (Brennan & Cookson 2000) . So pyroptosis is a form of cell death that is different from apoptosis. In the present study, the proliferation inhibition rate was remarkably increased to 90.9% when MOI increased to 1000 at 12 h, but the percentage of apoptotic MG63 cells was increased to about 50% at 12 h. So the LDH levels in the culture supernatants and the caspase-1 expression levels were measured to provide insights into the amount of pyroptosis in MG63 cells exposed to E. faecalis. The study revealed that LDH release and the caspase-1 protein expression level were significantly increased in the infection groups compared to the control group, whereas the percentage of LDH release was significantly decreased following pre-treatment of the cells with the caspase-1 inhibitor Ac-YVAD-CHO prior to E. faecalis infection. These results indicate that E. faecalis infection causes pyroptosis of MG63 cells via a mechanism mediated by caspase-1 activation.
NLRP3 is an important component of the inflammasome that can be activated by a variety of Figure 5 A proposed model illustrating the mechanism of apoptosis and pyroptosis via NLRP3 inflammasomes in MG63 cells induced by E. faecalis. microbial stimuli, including lipoteichoic acid, muramyl dipeptide and bacterial RNA (Kanneganti et al. 2006) . NLRP3 has been reported to be responsible for the stimulation of caspase-1 activation by L. monocytogenes and P. gingivalis (Park et al. 2014) . The present results revealed that E. faecalis infection induced NLRP3 and caspase-1 activation. The induction of cell apoptosis and pyroptosis by E. faecalis decreased significantly when NLRP3 was blocked. These findings indicate that NLRP3 is involved in the apoptosis and pyroptosis processes in MG63 cells infected with E. faecalis. This finding is consistent with other studies. McCall et al. (2008) reported that knockdown of the NLRP3 inflammasome attenuated Salmonella-induced apoptosis, and Zhao et al. (2014) showed that A. actinomycetemcomitans enhanced the NLRP3 inflammasome expression and NLRP3 participated in Actinomycetecomitans-promoted apoptosis of human osteoblasts. A recent study reported that both caspase-1 and caspase-8 to inflammasome apoptotic pathways show a stronger apoptotic response to NLRP3 stimuli, because they are required for the caspase-3 cleavage (Sagulenko et al. 2018) . Thus, NLRP3 inflammasomes activate caspase-8 and -1, leading to both apoptotic and pyroptotic cell death (Sagulenko et al. 2013) . Moreover, upon activation, NLRP3 binds to the adaptor protein ASC; then, the bound inflammasome complex recruits pro-caspase-1 for activation (Park et al. 2014) . Caspase-1 activation induces pyroptosis and cleaves the pro-IL-1b and pro-IL-18 cytokines to their secreted forms (Franchi et al. 2009 ). Kelk et al. (2011) reported that P2X 7 Rs was involved in the A. actinomycetemcomitans leukotoxin-induced pro-inflammatory cell death. These studies provide new knowledge concerning the molecular mechanisms underlying the induction of MG63 cell apoptosis and pyroptosis by bacterial infection (Fig. 5) .
Conclusions
Enterococcus faecalis promoted apoptosis and inflammatory cell death (pyroptosis) of MG63 cells via the NLRP3 inflammasome. The increased apoptosis and pyroptosis of osteoblast cells in response to E. faecalis infection may result in the delayed reconstruction of periapical lesions. However, the apoptotic and pyroptotic cells increased only slightly at the low infection concentration (MOI 10). These data indicate the importance of thorough root canal disinfection and filling of the root canal to remove as many of the bacteria as possible and avoid bacterial reproduction. Further studies are required to elucidate the exact mechanism and inflammasome signalling pathways involved in the induction of apoptosis and pyroptosis in MG63 cells by E. faecalis.
